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Abstract 
Significance: Several educational technological innovations are developed with the purpose of 
contributing to the training of future optometrists and ophthalmologists. However, very little is 
available for teaching refractometry. EYE REFRACTION is a simulator mobile applications 
(App) that works as a fast, straightforward and interactive interface tool for teaching 
refractometry. Purpose: Develop novel mobile application software (EYE REFRACTION) as a 
tool for teaching refractometry in medical schools. Methods: EYE REFRACTION software was 
developed by the emerging company “Ciência Ilustrada studio” incubated at “INOVA 
Metrópole” of the Digital Metropolis Institute of the Universidade Federal do Rio Grande do 
Norte, Brazil (IMD-UFRN), using the XCode 4.6.2. program (Apple Computer, Inc. Cupertino, 
CA, USA). This application software (App) was created for Tablets and has a fully interactive 
workspace, where after inserting the refraction data of the patient, the user can observe points or 
focal lines of the refractive errors and all the arrangements resulting from the various possible 
corrections. Results: After 90 days of blind and random simulations of the EYE REFRACTION 
App performed by volunteered ophthalmologists, six failures were detected and promptly 
corrected. Two were detected when refractive errors were simulated (simple myopic 
astigmatism), two during simulations of hypermetropic astigmatism, being one simple and the 
other compound, and two others during the simulation of mixed astigmatism. Conclusion: A 
novel App for teaching refractometry was successfully developed, where it enabled a real-time 
observation of refractive errors and their arrangements. The EYE REFRACTION App is 
currently available at Apple App Store. 
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1. Introduction 
 
It has been reported that the ocular health conditions of the world-wide population are related to 
the quality of the primary care professionals.
1,2
 In fact, scientific studies have shown that the use 
of new pedagogical approaches based on technology and interactivity towards the teaching of 
ophthalmology have been much more effective in the teaching-learning process than the 
traditionally used methodologies.
3-5 
 
In addition, teaching refractometry has always been a challenge for ophthalmology residency 
programs. This is explained by the fact that specific abilities are necessary in order to 
successfully perform a refraction test. Optometrists need to know physics, mathematics and 
geometry for understanding how to determine and correct the so-called refractive errors 
(ametropia) of the optical system.
6
 Therefore, there is an urgent need to train fully qualified 
professionals to diagnose and treat the various refractive errors through the prescription of 
corrective lenses. However, demographic growth has been disproportionally higher than the 
number of well trained professionals available to supply such demand. 
 
The limited number of professionals responsible for prescribing corrective lenses in addition to 
their deficient training favor the emergence of unqualified professionals who venture into this 
activity, putting at risk the ocular health of the population.
7, 8
  
 
Nowadays, around 2.5 billion people have some degree of visual impairment due to the need for 
glasses where 670 million are considered visually impaired because they do not have access to 
the treatment with corrective lenses.
2
 Thus, it seems that an effective way to ameliorate the 
incidence of visual impairment is through the development of tools that helps training 
professionals to correctly diagnose and treat the various refractive errors.  
 
The global initiative known as “Vision 2020: The Right to Sight”, a result of the partnership 
between the World Health Organization (WHO) and the International Agency for the Prevention 
of Blindness (IAPB), suggests several strategies for the prevention of visual impairment due to 
refractive errors. One of the recommended strategies is to encourage investment in the 
development and training of human resources, which would eventually result in better 
ophthalmic examinations that are accessible to the population. Moreover, another strategy is to 
increase the ratio between the numbers of qualifying prescribers to 1.5 per 100,000 habitants 
until 2020.
2 
 
Therefore, the development of teaching tools in the form of application software (App) might 
speed up the training process, leading to a shorter learning time. This tool would be beneficial for 
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residents as well as for those professionals that need to learn new techniques. In addition, this 
App might represent a useful strategy to minimize errors during prescription of corrective lenses. 
 
The aim of this technical report is to present a new simulator App that works as a fast, 
straightforward and interactive interface tool for teaching refractometry to future 
ophthalmologists. The use of this App by ophthalmology residency programs would enable the 
formation of better qualified professionals, which is what WHO advocates. 
 
2. Material and Methods 
 
The EYE REFRACTION software was developed and tested over a period of 8 months, from 
March to October 2011, by the emerging company “Ciência Ilustrada studio” incubated at 
“INOVA Metrópole” of the Federal University of Rio Grande do Norte (IMD-UFRN, Natal, 
Brazil). 
 
2.1. Graphic Development and Software Programming 
 
The drawings used to illustrate the App were created using the CorelDRAW X8 program (Corel 
Corporation, Ottawa, Canada), which was performed by the ophthalmologist and one of the 
authors of this current work (Pinheiro, FI). Software programming was coded using XCode 4.6.2 
software (Apple Computer, Inc. Cupertino, CA, and USA) and performed by an experienced 
programmer and also one of the authors of this work (Souza, EP). The App was created for 
Tablets on the IOS platform (IPhone OS), where an initial work area containing a top tab 
(Patient’s Actual Refraction) is used to insert the refractometry data: spherical (Sph) from -10.00 
to +10.00 diopters (D), at intervals of 0.01, and cylindrical (Cyl) from -10.00 to + 10.00D, at 
intervals of 0.01 with their respective axis from 0° to 180°, at intervals of 1°. A column on the 
right side of the screen, named CORRECTION, containing the following tabs: Lens # 1, Lens # 
2, Lens Power, Patient Residual Refraction, SER (Spherical Equivalent Refractive) and Sagittal 
View. The Lens # 1 and Lens # 2 tabs have the None, Sph, and Cyl options according to the type 
of correction the professional wants to simulate. If Sph or Cyl is chosen, a box will appear to add 
the numerical values with buttons to fine-tune to 2 decimal places. 
 
At the center of the screen, a graphic representation of the eyeball is displayed in partial and 
perspective sections. In addition, the top left of the central screen shows a frontal representation 
of the optical system with two meridians perpendicular to each other, which is named Front 
Power. Above and to the left of the Front Power is the Show Astigmatism key. Once triggered, it 
presents the simulation of the theoretical astigmatism of the system. The lower right portion of 
the eyeball shows the type of ametropia (refractive error) or emmetropia according to the entry 
values added in the Patient Actual Refraction tab (Figure 1). 
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Figure 1: Eye Refraction main screen layout 
 
By inserting positive or negative spherical values into the Patient Actual Refraction, the EYE 
REFRACTION software displays in the center of the screen a focal point located in the line of 
sight of the schematic eye, which is positioned either beyond or short of the virtual plane of the 
retina in cases of hypermetropia or myopia, respectively.. 
 
In the case of a spherical ametropia, the Front Power will present the meridians corresponding to 
the spherical value previously added. At the same time, the diopters that need to be corrected to 
achieve emmetropia, as well as the SER indicating the spherical equivalent for that ametropia, 
are shown in the Patient Residual Refraction. In the Sagittal View, the focal point in relation to 
the virtual plane of the retina can be observed from a side view.  
 
As the spherical values are inserted into the Lens # 1 and/or Lens # 2 tabs of the CORRECTION 
function, spherical lenses appear in front of the eyeball and the focal point shifts forward in the 
line of sight of the schematic eye in the case of positive lenses or backwards in the case of 
negative lenses. Likewise, the displacement of the induced focal point can be observed in the 
Sagittal View. 
 
On the other hand, when adding positive or negative values in the Patient Actual Refraction for 
the Cyl with its corresponding axis, the EYE REFRACTION software automatically displays in 
the central screen two focal lines located in the line of sight of the schematic eye, where it is able 
to assume several positions in respect to the virtual plane of the retina. These different 
possibilities may give rise to simple or compound myopic or hypermetropic astigmatism and 
even mixed astigmatism (equidistant or not). In these cases, the Front Power will present in its 
perpendicular meridians the values calculated by the algorithm. Similarly, the diopters that need 
to be corrected to achieve emmetropia will appear in the Patient Residual Refraction, whereas 
the SER and Sagittal View will continue to perform the same function as in the spherical 
ametropias (Figure 2). 
 
. 
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Figure 2: Simulation of the correction of a mixed astigmatism (Sph +1.25 / Cyl -4.50/ Axis 45°). 
 
As spherical and/or cylindrical (positive or negative) values are added to Lens #1 and/or Lens #2 
tabs of the CORRECTION function, both spherical and/or cylindrical lenses appear 
simultaneously in front of the schematic eye and the focal lines shift in the line of sight. If the 
lens inserted for partial correction of astigmatism is spherical, the focal lines will move forward 
or backward, maintaining the inter-focal distance between them. 
However, if the lens is cylindrical, the focal line that will shift is the one parallel to its axis, 
keeping static the focal line that is perpendicular to the inserted axis. If the cylindrical lens is 
negative, the focal line will move backwards in the line of sight and forward if the cylindrical 
lens is positive. Likewise, the induced displacement of focal lines by the added lens can be 
simultaneously observed in the Sagital View (Figure 3). 
 
 
Figure 3: Corrected mixed astigmatism (Sph +1.25 / Cyl -4.50/ Axis 45°). 
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2.2. Simulated failure test  
 
The EYE REFRACTION App was blindly and randomly tested by four experienced 
ophthalmologists, who were named I, II, III and IV. For ninety days the four ophthalmologists 
followed specific guidelines (TABLE 1) to detect possible failures through several simulations. 
Once the failures were identified, the software was corrected and retested by the same 
ophthalmologist who detected the respective failure. Thus, they were directed to simulate the 
same data. Once all the corrections were performed, the App was made available at the Apple 
Store for download through the following link: https://itunes.apple.com/br/app/eye-
refraction/id467923909?mt=8 (Figure 4). 
 
Figure 4: Eye Refraction – Simulator App for teaching refractometry (Ciência Ilustrada studio ®, 
Natal, Brasil) 
 
Table 1: Procedure guidelines for seeking failures 
Guidelines for the Simulations Using The Eye Refraction App 
1) Download The Eye Refraction App At The Apple Store Using The Provided Promocode  
2) Read The Instructions Of How To Use The App On The “How To Use” Tab 
3) Review All The Available Content Using The “Info” Tab 
4) Simulate The Various Refractory Errors (Ametropia) By Randomly Inserting Values In 
The “Patient Actual Refraction”, Using The Limit Of 10 Spherical Diopters And 10 
Cylindrical Diopters As Shown Below: 
 Perform 05 simulations of myopia; 
 Perform 05 simulations of hypermetropia; 
 Perform 05 simulations of simple myopic astigmatisms using positive cylinders; 
 Perform 05 simulations of simple myopic astigmatisms using negative cylinders; 
 Perform 05 simulations of compound myopic astigmatisms using positive cylinders; 
 Perform 05 simulations of compound myopic astigmatisms using negative cylinders; 
 Perform 05 simulations of simple hypermetropic astigmatisms using positive cylinders; 
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 Perform 05 simulations of simple hypermetropic astigmatisms using negative cylinders; 
 Perform 05 simulations of compound hypermetropic astigmatisms using positive 
cylinders; 
 Perform 05 simulations of compound hypermetropic astigmatisms using negative 
cylinders; 
 Perform 05 simulations of non-equidistant mixed astigmatism using positive cylinders; 
 Perform 05 simulations of non-equidistant mixed astigmatism using negative cylinders; 
 Perform 05 simulations of equidistant mixed astigmatism using positive cylinders; 
 Perform 05 simulations of equidistant mixed astigmatism using negative cylinders. 
5) After Adding The Values For Each Simulation, Please Check: 
 Correct positions of points (in spherical ametropia) and focal lines (in astigmatism) on 
the central stage and Sagittal View; 
 Consistency of the corrective lens positioning and indication of type of ametropia in the 
central stage; 
 Consistency of the values in the Front Power and adequacy of Show Astigmatism; 
 Consistency of the values in the CORRECTION column 
6) Type It Out On The Supplied Cartesian Plane The Ametropia And Their Types That 
Presented Failures  
 
3. Results and Discussions 
 
After the development of the EYE REFRACTION App, it was tested by four ophthalmologists, 
where six failures were screened and detected by ophthalmologists I, III and IV. Two were 
observed by the ophthalmologist I when a simple and mixed myopic astigmatism were inserted, 
two by the ophthalmologist III during the analysis of a compound hypermetropic astigmatism 
and a simple myopic astigmatism, and two by the ophthalmologist IV during the representation 
of a mixed astigmatism and a simple hypermetropic astigmatism. 
 
The ophthalmologist I observed that when inserting the refractometry data (0.0 - 3.50 x 90°), 
which corresponds to a simple myopic astigmatism, the cylindrical lens interposed in front of the 
eye on the central stage was a positive cylinder rather than a negative one. The same 
ophthalmologist also found that when analyzing the Sagittal View of a mixed non-equidistant 
astigmatism with values of (-0.75 +5.25 x 65°), the focal lines were not at the corresponding 
points in the line of sight. 
 
When inserting the values (+1.75 + 2.00 x 125°) corresponding to a compound hypermetropic 
astigmatism, the ophthalmologist III pointed out an error in the positioning of the focal lines in 
the Sagittal View and another error in the representation of the Show Astigmatism function, 
when it simulated the simple myopic astigmatism (-6.25 +6.25 x 15°). 
 
The ophthalmologist IV also reported two failures. The first occurred when the data referring to 
an equidistant mixed astigmatism (+1.75 -3.50 x 75°) was added, which did not have the correct 
representation in the Sagittal View. The second failure was detected during the analysis of 
simple hypermetropic astigmatism (+3.75 -3.75 x 155°), where the lenses interposed in front of 
the eye did not present the correct positioning (Figure 5). 
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Figure 5: Graphical representation of the failures (●) detected during the testing phase (Sph – 
spherical diopters, Cyl – cylindrical diopters) 
 
Several educational technological innovations are developed with the purpose of contributing to 
the training of future ophthalmologists.
9-18
 among these innovations; we can highlight the use of 
softwares as multimedia tools or Apps, where they work as simulators for the training of direct 
and indirect ophthalmoscopy, as well as for developing skills for surgical procedures. Moreover, 
they can be used as associative technologies that guarantee better learning and lower risks to 
patients. However, very little is available for teaching refractometry. 
 
Akaishi et al. validated a simulator for teaching optic fundus examination.
19
 The EYE Exam 
Simulator (Kyoto Kagaku Co. Ltd., Kyoto, Japan) consists of a manikin where slides are inserted 
with photos of normal and diseased retinas to be examined using the conventional direct 
ophthalmoscope. 
 
Just recently, the Eyesi Direct Ophthalmoscope (VRmagic, GmbH, Mannheim, Germany®) was 
launched, which is another simulator that unlike the EYE Exam Simulator, it uses virtual reality 
for teaching direct ophthalmoscopy.
20
 Similarly, Schuppe et al. presented the Eyesi indirect 
ophthalmoscope simulator (VRmagic, GmbH, Mannheim, Germany) used to improve the 
diagnosis of retinal diseases through augmented reality during the training of ophthalmology 
residents.
21 
 
In 2014, Leitritz and colleagues demonstrated superior performance during the learning of 
indirect ophthalmoscopy when ophthalmology residents used the Eyesi indirect ophthalmoscope 
simulator in comparison with the conventional indirect ophthalmoscope.
22
 Other reports 
demonstrate advantages of using technological innovations for teaching ophthalmology either 
during clinical teaching or during the training of surgical procedures such as facectomy.
23-28 
 
It is notorious the difficulty of understanding refractometry regarding the spatial visualization of 
the various refractive errors and their corrections.
6
 This requires an additional effort from the 
professors for teaching refratometry for undergraduate medical students as well as for residents 
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in ophthalmology. However, scientific studies that address the development of softwares or 
simulators that aim to facilitate the understanding of refractive vices are rare. 
 
The Aniseikonia Inspector software has been used by experienced ophthalmologists to presume 
the difference between the sizes of the images formed in the retinas of both eyes induced by the 
difference of the refractometry between them, known as aniseikonia.
29,30
 However, such software 
is not primarily aimed at teaching refractometry, but rather to help measuring aniseikonia in 
ophthalmological practice. 
 
The idea of developing an App as a tool for teaching refractometry took place after observing 
that refractive errors are indirectly taught in most medical schools, which means that the 
reasoning starts with the correction in order to find refractive errors. 
 
In the authors' conception, this seems to be the main source of difficulty for understanding 
refractometry. Thus, during the graphic development of the EYE REFRACTION App, the 
authors used a new approach, where in a single screen the user can observe in real time the 
refractive errors, their points or focal lines outside the retinal plane and their corrections. Such 
parameters can be determined in an interactive way. 
 
The concern with the graphic design of the main screen and the interactive environment resulted 
in the difficulties perceived by one of the authors of this study, who is ophthalmologist and 
illustrator. This fact was of great importance because all the obstacles observed during the 
teaching-learning process were overcome through the perception of a professional who has 
already experienced the deficiencies present in the conventionally available teaching tools. 
 
Based on these arguments, it is worth noting that the creation of an App for tablets represents a 
pioneering tool to effectively facilitate the learning process of refractometry. 
 
Although the six failures detected during the testing phase were all promptly corrected, this 
procedure will not prevent future failures. In order to prevent possible failures during its use, the 
App developer has made available a link that the user can report the failures observed along the 
way so that they can be promptly corrected.   
 
After 6 years of EYE REFRACTION’s first release and 156 downloads in Latin America and 
The Caribbean, 102 in Europe, 71 in the USA and Canada, 39 in Asia Pacific and 13 in Africa, 
Middle East and India through www.itunesconnect.apple.com (restricted access), not a single 
failure was reported by its users. The App is currently in its fourth version and continuously 
seeking for improvements. 
 
Unlike most simulators available for teaching ophthalmology, the EYE REFRACTION is at low 
cost and easy to use, as it provides the user with straightforward access to a simplified manual. In 
addition, because the software is embedded in a Tablet computer, its high mobility facilitates the 
teaching of refractometry in classrooms, clinics or even outside the teaching environment 
without the need for internet access. As a drawback, we can point out the availability of EYE 
REFRACTION only for IOS platform but with the possibility of being developed for Android. 
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4. Conclusions and Recommendations  
 
The future prediction is that EYE REFRACTION will represent the first of a series of Apps 
developed by “Ciencia Ilustrada studio” aimed to improve the teaching of refractometry, 
contributing directly to the training of future professionals and to the improvement of the 
ophthalmic health of the population. 
 
Finally, a study is currently being conducted by our research group where the use of the EYE 
REFRACTION App is being compared with other teaching methods with the purpose of 
validating its usefulness.   
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